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Subject. This report covers tests conducted by the Engineer
Research and Development Laboratories as requested by the Depart-
ment of the Navy. Funds were provided by the Bureau of Aeronautics
for the ERDL to determine the effect of hydraulic pressure on the
fire extinguishing characteristics of fog foam; and to determine
experimentally standards of performance for fog foam nozzles.

Investigation. Performance tests were conducted with all the
fog foam nozzles under consideration and subsequently, fire tests
were made with several nozzles having various percent foam yields.
The fire tests were carried out for the purpose of ccmparing, corre-
lating, and evaluating the performance tests results with the actual
test fires. Throughout the entire investigation, the foam solution
contained 6 percent of foam liquid by volume. From these studies,
standard procedures in using different types of fog foam appliances
were developed. The nozzles which produced the highest foam yields
and had the most effective nozzle pressures for use in fire fight-
ing were ascertained.

Conclusions. The report concludes that the fire extinguishing
effectiveness of fog foam nozzles is indicated by these standards-
(1) foam yield percent; (2) rate of application; and (3) water
content of foam (6 to 9 expansion) output in gallons per minute.
The test procedure set forth in the screening tests (par. 18) is a
satisfactory means of evaluating the fire fighting effectiveness of
fog foam nozzles. On the bases of the foam used and the nozzles
employed, the most effective nozzle pressure was between 200 and
300 psi. Aspirating type nozzles produced higher foam yields than
did the non-aspirating type.

Recommendations. The report recommends that the standards of
performance and the test procedures (pars. 17 and 18) be adopted by
the Department of National Defense far use in the design of fog
foam nozzles and in their evaluation for fire fighting.



FOG FOAM STUDIES

I. INTRODUCTION

1. S . This report covers tests conducted by the Engi-
neer Research and Development Laboratories as requested by the De-
partment of the Navy. Funds were provided by the Bureau of Aero-
nautics for the OM to acoomplish the following:

a. Determine the effect of hydraulic pressure on the
fire extinguishing characteristics of fog foam.

b. Determinae experimentally standards of performance
for fog foam nozzles.

2. Authority. The authority for conducting this investiga.-
tion is contained in the following:

a. Letter from the Chief of Engineers to the Engineer
Research and Development Laboratories, file ENGNC, dated 3 January
1949, subject: Test of Fog Foam for Airplane Crash Fire Fighting
(Project 8-76-01-001, Authorized Investigations, Fire Fighting).

bb. Interdepartmental Government Order from the Bureau
of Aeronautics, Department of the Navy to the Corps of Engineers,
Department of the Army, dated 2 December 1948., subject: CRDER Aer
00806. APPROP'N 1791502.003, Aviation Navy 194.9, Acct. 39831.,
Bureau Control No. 61000, Program 361A.

c. Letter from Department of the Navy, Bureau of Aero-
nautics, Washington, D. C. to the Engineer Research and Development
Laboratories, file 45576, Aer-SE-31, (15 June 49) dated 15 June
1949, subject: Fogfoam. for Fire Extinguishment - Evaluation of.

d. Letter from Department of the Navy, Bureau of Aero-
nautics, Washington, D. C. to the Engineer Research and Development
Laboratories. file 50215, Aer-SE-31, NAER-00806, (30 June 49) dated
30 June 1949, subject: Test of Fog Foam for Airplane Crash Fire
Fighting (Proj9ct 8-76-0:-001, Authorized Investigations, Fire
Fighting).

e. Letter from Department of the Navy, Bureau of Aero-
nautics, Washington, D. 0. to the Engineer Research and Development
Laboratories, file 95468, Aer-SE-31, (22 sep 49) dated 22 September
1949, subject: Fog Foam for Fire Extinguishment - Evaluation of.

f. Letter from Department of the Navy, Bureau of Aero-
nautics, Washington, D. C. to the Engineer Research and Development
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Laboratories, file 214956, Aer-SE-31 (2 Dec 49) dated 2 December
1949, subject: Fog Foam for Fire Extinguishment - Evaluation of.

Copies of these letters appear in Appendix II to this report.

3. Terminolog. The following definitions describe technical
terms used in the report:

a. Water fog. A finely divided spray of water.

b. Foam liquid. A concentrated hydrolized protein liquid
conforming to Specification JAN-C-266, 5 August 19)46, entitled
"Mechanical Foam, Type 5."

a. Foam solution. A dilute water solution of foam liquid.

d. Foam. An aerated mass of bubbles generated from the
foam solution.

e. Fog f Foam in spray form discharged fram a water
fog nozzle.

f. Expansion. The ratio of the volume of foam to the
volume of foam solution from which it was produced.

g. Breakdown. The collapse of the foam.

h. Drainage. Volume of foam solution separating from a
given volume of foam.

i. Drainage rate. The average volume in cubic centi-
meters of foam solution drained per minute from the first to the
fourth minute after the sample was collected.

J. Twenty-five percent drainage time. The time required
for drainage of one quarter of the foam solution from the foam.
This criterion was developed by the Naval Research Laboratory,
Washington, D. C.1

k. Stability. The resistance of foam to breakdown.

1. Foam pattern. The actual ground area covered by
falling foam as expelled from the nozzle.

1. Naval Research Laboratory, Engineering Research Section, Chemis-
try Division, Report on Foam Standardization Methods, 26 April
1948.
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m. 'Foam blanket. The total ground area covered by
falling and flowing foam at the end of a specified time interval.

n. Foam yield. Percent ratio of the measured foam
volume to the theoretical or calculated foam volume. It is calcu-
lated as follows:

'KY % M) MaVT¼ X 100

where

Vp Volume of foam pattern

Vs * Volume of foam solution

Sa Average expansion

This term is synonymous with nozzle efficiency in converting foam
solution into foam.

o. Theorethical foam volume. The volume of foam calcu-
lated by multiplying the quantity of the foam solution used by the
average expansion.

p. Nozzle pattern. The included angle of discharge.

4. Background. The primary objective of airplane crash fire
and rescue operations is to save life. To accomplish this purpose
as rapidly as possible and with minimum risk it is necessary to
utilize agents which quickly reduce the intensity of the fire; pre-
vent developments of, or reduce high temperatures within, the air-
craft; and provide protective atmosphere for personnel and equip-
ment during rescue operations. Until quite recently water fog and
carbon dioxide were used almost exclusively for the purpose, singly
or in combination. However, these agents provide no protection
against reignition and are rapidly losing favor to mechanical foam,
especially for rescue of victims from large aircraft.

Mechanical foam applied as a solid stream to a gasoline
fire has immediate extinguishing effect but does not provide the
necessary protection for personnel and equipment during rescue oper-
ations. On the other hand., mechanical foam applied as a spray ex-
tinguishes, affords protection against reignition, cools, and pro-
vides a safe working atmosphere for the fire fighting personnel.

Most of the foem crash trucks presently in use are con-
verted water fog trucks which were designed for pump pressures
ranging from 500 to 800 psi.



.P 4

04 0

CH 0
-* 4

4-' 1a4 -4 q4)

43~

e0

0 4>

p 0 9.4 0k

M -4' 0H
G 4>: CO(



6

No previous studies have been made to determine the true
function of limits ofter pressure at the nozzle itself, in gener-
ating and spreading fog foam. It has been suspected for some time
that with water fog nozzles the foam decreased in quality at higher
pressures. The optimum pressure at which the best quality fog foam
was produced had not been determined prior to this investigation.

5. Personnel. R. C. Navarin, Project Engineer, Fire Appar-
atus Section, supervised the tests which were conducted under the
direction of James M. Hayden, supervisor, Fire Equipment Test Area,
Eebee Field, assisted by the following test fire fighters: Frank
Chudacek, James L. Allen, Conrad Korzendorfer, Charles W. Dean,
Edward Marosy, Chester F. Owenby, Carroll Mahon, and Edgar Helms.

Consultation on the project was provided, by J. E. Malcolm,
Chemical Engineer, Fire Apparatus Section.

II. INVESTIGATII

6. General. The overall plan of the tests was directed
toward the two objectives listed in paragraph 1 of the introduction.
The first objective, to determine the effect of hydraulic pressure
on the fire extinguishing characteristics of fog foam, was accom-
plished by conducting initial performance tests of all the nozzles
under consideration, and was followed by large-scale pool fire tests
with selected nozzles to verify the results of these tests.

The second objective, to develop standards of performance
for fog foam nozzles, was attained on the basis of an evaluation of
those factors found during the investigation to have a critical
effect on nozzle performance.

In order to accomplish these objectives, it was necessary
to determine the performance of different types of fog foam appli-
ances at various pressures, and to develop standard test proaedures
which would give reproducible results.

Throughout the investigation, the type of foam liquid re-
mained the same, the foam solution containing 6 percent of foam
liquid by volume. Protein base (JAN-C-266) foam liquid was used.

7. Nozzles Tested. The nozzles selected for these tests in-
cluded representative types for the production of fog foam, foam,
and water fog. Some of these are currently in use, while others
are experimental models. The following types are represented:

a. External impinging jets, solid cone.

b. Internal impinging jets, solid cone.
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a. Centrifugal hollow cow.

i. MuJuastable hollow cone.

e. Straight stream aspirating with fan-shaped diffusor.

f. Adjustable hollow cone with aspirator.

A aomplete desoription of the nozzles which were tested is presented
in Appendix 11.

8. General Test Conditions and Facilities. Weather condi-
tions were a major faMUt affecting the final results since the
tests were carried out over a period of one year. Therefore, no
tests were conducted. when the wind velocity was over 8 mph, when
rain was falling, or when the ambient temperature was below freez-
ing. The test area and equlipent used are described in the follow-
ing subparagraphs:

a. Test Area. The Burning Field is an area of approxi-
mately 100 acres locatea on the outer boundary of Fort Belvoir. It
is equipped to handle all types of fire tests of equipment ranging
from hand-operated extiugaishers to large mobile units having an
output of approximately 2000 gpm of foam.

In order to permit an extensive variety of tests,
the area is subdivided into several test sites. For the purpose of
this investigation one large section of the Burning Field was laid
out into three test sites as follows: water fog, fog foam, and
burning pools (Fig. 1). A closeup of the fog foam site is show in
Fig. 2.

To facilitate measurement of the foam blanket and
pattern, an area 180 feet wide by Ii0 feet deep was marked out with
stakes at 10-foot intervals in order to form the grid (Fig. 2).

b. Muipmnt Used in Tests. A list of equipment used
to conduct the fog foam tests follows:

(1) Class 155 crash fire truck fitted with pimping
equipment having rated capacity of 300 gpm at 500 psi (Fig. 3)

(2) 2i-inch double-jacket rubber-lined fire hose in
50-foot lengths.

•(3) Two Sahatte and Koerting Universal Rotometer
flo•metere with respective capacities of 250 and 500 gm.



Fig. 4.Flowmeters and roam proportioning equipment assembly
mounted on two-wheel trailer. Flowmeters were connected to
main water line with manifold for quick interchangeability.
Foam proportioners necessitated complete removal and repla~ce-
ment into main water line.
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184-.3-727
Fig. 5. Stationary pump unit., oomprised of Hale centrifugal
pump with oapacity of 750 gpm at 125 psi., driven by Hall
Scott horizontal. engine, Model 136., rated at 140 hp at 2800
rpm, supplying pressure in vater system at test area.
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(4) Two Hale foam liquid proportioners with respec-
tive capacities of 120 and 500 gpm. Items 3 and 4 were mounted
on a two-wheel trailer (Fig. 4).

(5) A stationary unit comprising a Hale centrifugal
pump, of 750-gpm capacity at 125 psi, driven by a Hall Scott
Model No. 136 horizontal engine, supplied the desired pressure
to the water system of the test area (Fig. 5).

(6) Standard laboratory equipment for the evaluation
of foam, including graduated cylinders, and glass beakers.

(7) Drainage apparatus consisting of 1400-ml drain-
age pans 2 inches high by 7 3/8 inches inside diameter with
drainage spigot and a drainage stand with 6.5 percent slope.

(8) One anemometer and one hygrometer.

9. Nozzle Performance Tests. Each nozzle in turn was mounted
on the turret of the test truck and was tested to determine nozzle
pattern, foam yield, foam pattern, drainage rate, and range. Two
test sites were set up, water fog and fog foam.

a. Conditions. All nozzles were tested with water
alone to determine the nozzle pattern as observed against a verti-
cal grid. For these pattern tests, all the appliances were posi-
tioned at the end of the horizontal axis of the vertical grid. Sub-
sequently, the same nozzles were supplied with foam solution at
various pressures in order to obtain pertinent data concerning the
type of foam produced. For the foam tests, all 2i-inch nozzles
were placed on the turret of the test truck and were set 12 feet
above the ground in a horizontal position. Bumper t pe nozzles
were similarly mounted 3 feet above the ground and lt-inch hand
lines were placed 4 feet above the ground to simulate actual fire
fighting conditions.

b. Procedure. The nozzle performance tests were divided
into two phases based on the type of extinguishing agent used, water
and foam solution.

(1) Water Tests. In these tests the nozzle pattern
was obtained at pressures of from 100 psi to 500 psi for each
sample. The nozzle pattern was observed against a vertical
grid board (Fig. 6) and a photograph was made of each run.
From these photographs the pattern and qualitative fog density
was observed for each nozzle and pressure.

(2), Fog Foam Tests. The test equipment was set up
as diagrammed in Fig. 7. Unit A represents the equipment
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mounted on a trailer, while Unit B represents the equipment on
the Class 155 fire truck. During a run, water was pumped from
a reservoir by the stationary Hale centrifugal pump (1) through
the rotcmeter (2) or (3) depending on the flow rate, and the
Hale foam proportioner (4), either the 120- or 500-gpm model
depending on the flow rate, where the foam liquid was picked
up from the calibrated drum (5). The foam solution passed
through a siamese fitting (6) through 2k-inch fire hoses (7),
to a second siamese fitting (8), into the Class 155 fire truck,
where the pressure was boosted to the desired value by the pump
(9). Pressure was indicated on the gage (10) located on the
fixed turret (11). The nozzle (12) discharging the foam solu-
tion was mounted on the end of the turret (Figs. 8, 9, and 10).
Fig. 11 shows the test area with equipment in place.

The proper rotcmeter and proportioner for each
run was selected and placed in the line. The 120-gpm propor-
tioner had a normal usable range of 60 to 120 gpm, and the 500-
gpm proportioner had a range of 250 to 500 gpm. Since no
equivalent proportioner was available to cover the range be-
tween 120 and 250 gPm, initial tests indicated that the smaller
proportioner could also perform satisfactorily in the 120- to
200-gpm range, and that the larger unit could perform similar-
ly in the 200- to 250-gpm range. Runs requiring a disoharge
of less than 60 gpm made it necessary to premix a 6-percent
foam solution in the tank (13) of the Class 155 crash fire
truck and all tests so conducted were carried out with Unit B
alone (Fig. 7). The delivery rate of the premixed solution
was determined by measuring the depth of mixture in the tank
before and after each test.

The runs were made for a definite time interval:
generally, either for 30 or 60 seconds, depending on the nozzle
discharge rate. Before and after each run the level of foam
liquid in the calibrated drum was measured. Water flow read-
ings were taken on the rotometer during each run. At the mid
point of each test a photograph was taken as a record.

Immediately upon the termination of a run, four
men entered the foam area (Fig. 12). Two men were assigned to
the drainage rate test, each making a separate determination
so that the results could be averaged. Promptness in obtain-
ing the sample was of great importance. Two additional foam
samples for the expansion ratio determination were obtained by
the third man. While this was being done, the fourth man mea-
sured the volume of foam solution collected in the pails within
the foam pattern. A fifth crew member (not shown in Fig. 12)
measured the foam level in the pails. These individual assign-
ments were necessary because of the rapid change in the foam
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characteristics. The list of calculations used in the fog
foam study and a detailed account of the foam test determina-
tion procedure are contained in Appendices IA and IB, respec-
tively. The apparatus for both tests is shoim in Fig. 13.

184-3-311
Fig. 13. Foam samples being analyzed to determine expansion
and drainage rates of foam produced by nozzles under test.
Operator in foreground adds a few drops of octyl alcohol by
means of graduated pipette into drainage pan to accelerate
breakdown of foam.

The stakes were used as reference in placiag
the pans in the area and in recording the foam blan2:et =nd.
pattern. The depth of the foam blanket -was measured and re-
corded at the location of each stake in the blanket. A sys-
tem of coordinates was used to facilitate a quick identifica-
tion of each stake (Appendix IC).

The following data and information were re-
corded for various pressures from 100 to 500 psi:

(a) Foam pattern (coverage) produced by all
the nozzles tested.
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(b) Rates of foam solution (consumption).

(c) Foam yields.

(d) Foam expansion.

(e) Drainage rates.

The items listed from (a) through (e) are considered to be de-
termining factors for the proper evaluation of fog foam appli-
ances at any desired pressure.

C. Results. In all, over 200 individual runs were con-
ducted, because of the wide rarge in pressure and the number of
combinations and adjustments of some of the samples.

Sample data sheets indicating the method used to re-
cord the desired information are included in Appendix 1C. For mare
expedient comparison and evaluation, the most pertinent data are
listed in Table I. To facilitate cross reference of the data, each
nozzle was assigned a number. These appear in column 1 of Table I.
The type designation is listed in column 2. Each run was also
assigned a number and these are given in column 3.

The pressure for each test which was read directly
from a gage at the nozzle is recorded in column 4. The omission of
data is an indication that the capacity of the nozzle exceeded the
capacity of the test equipment. In order to permit the accumula-
tion of a reasonable quantity of foam for accurate readings, the
duration of each run -was varied. Column 5 lists the length of time
in seconds.

The total water and foam liquid in gallons used for
each test run are shon in columns 6 and 7, respectively. The
characteristic water flow in gallons per minute for each nozzle at.
the various pressures is listed in column 8. The concentration of
foam liquid it shown in column 9. Close examination of the data
indicates that the percent solution, on the average, varied from
to 6. The figure in column 9 was derived from columns 6 and 7.

The foam pattern is estimated in feet (column 10).
The first reading represents the dimension taken along the axis
perpencicular to the flaw stream and the second one denotes the
measure taken along the axis parallel to the flow stream. The
shape of the nozzle and the wind velocity during the test had a
variable effect on the data in this column. Column 11 lists the
average drainage rates (first to fourth minute after obtaining
sample) in cubic centimeters per minute for each nozzle at the
various test pressures.
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d. Observations. Determinations based on the initial
performance tests of all the nozzles are listed in Table II. This
table consists of calculations based on field data (Table I) to de-
termine the relative performance of all nozzles tested. Columns 1
through 4 are identical to the corresponding columns in Table I.
Column 5 lists the theoretical rates of foam production in gallons
per minute at various pressures ranging from 100 to 500 psi inclu-
sive, in 100-lb increments. The actual foam production at these
pressures, as measured on the ground, is given in column 6. The
foam yield percent, calculated as explained in Appendix YA, is shown
in column 7. The latter results are plotted in the form of graphs
in Figs. 14 to 18 inclusive, with the foam yield percent along the
ordinate axis and the nozzle pressure along the abscissa. Limita-
tions of the test apparatus made it impossible to obtain readings
at all pressures with large capacity nozzles. The expansion in
column 8 denotes the factor by which the original volume of foam
solution was increased with each nozzle at each respective pressure.

The results in the graphs indicate that the highest
foam yield was produced at pressures ranging from 200 to 350 psi,
depending on the nozzle under test. Generally, the yield either
decreased or remained almost constant at pressures higher than 350
psi. Each curve is labeled with the same number in column 1 of
Tables I and II and throughout this report to identify the nozzle
which it represents, and for quick reference to other tables. The
data for each nozzle have been plotted and are clearly shown on the
charts. The curve which fitted best through plotted data was drawn
as an indication of foam yield percent at the different pressures.
The water fog and fog foam tests are shown photographically in
Appendices ID and IE.

10. Fire Tests. The second phase of this investigation was
to conduct fire tests to validate the findings of the nozzle per-
formance tests. Fire tests were carried out at the Burning Field
in an area adjacent to that used In the screening tests (Fig. 19).

a. Nozzles Selected. The seven foam and water-fog noz-
zles used on actual pool fires were selected from the total of
twenty-nine tested on the basis of performance in the initial tests
conducted, design of the equipment, and its suitability for crash
fire fighting. Nozzles 1, 4a, 4b, 13, and 19 were chosen because
the foam yield (Figs. 14 to 18 inclusive) in each case was 45 per-
cent or over, the total water rate of each nozzle was adequate for
fighting large-scale inflammable liquid fires. Even though the
water rates of nozzles 2 and 3 were comparable to those of the other
nozzles under tests, the foam yield was low, that is, below 30 per-
cent (Figs. 15 and 18, respectively). These nozzles were chosen
for comparison and evaluation against those having the higher foam
yields.
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Fla. 19. Izu fire test area,, pools were jai& out so as to
permit dawnwlzA approach to fr. nr ore than ame side.

b . Conditiows Tim adJacent 25- by !50-foot burnIn
peeSI (WJg. 20) ,mre ooz~stnlted on a oonoret. slab Iby setting up
steel beam and oevering them with sandy alay anA gmrael to now
the Peal 'water tight. The~se Vere partly fillea with water in or-
der to obtain a perfeotly level surface The wint., tdperstmve,
=I bi1±ty were recut@&d. DrIng the fire tests the irind velo-
elty WAd a Nove oritical effect than it Aia dinin the mcrmeang
tests; therefoe,p no tests were r=n 1u2r windy ( over 4 h)o

&Kf Tau wst-ba1 naphtha totaling 51 gallons
VMSas~d" to a pea = Igited. Fea was, applied after a 3
'"OURAS prebua =A the date vwr reoorled in Ta~ble inl. Chin ob-
serVe recuted all the ALAU. The pools VWer filled as shoWn in
71m. 20 an& 21. Clear vnloawe gsoine 4 with zero octman rativag,

SWOS AWq kiwm as Indastralal uaphthav vwa used thrsghit the
firs tests.

All nozzles were =sed frm the turret of the Class
1"5 Mmas fIre trok., an& looks& iR plOAce ith the nozzle zexte-
SIMi dePrese appmrsaltely 10 degmes frm the bmizmftal. (be-i
Pressing the =mos]. eer 10 degrees at the Moohr praegsrem caused
the fuel to splatter and. burn over the emgm of the Pool ax sown
In JiU. 22). MIe GINOs 155 =W&~ fire track vas parked so tha~t
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Table III. Fire Test Field Data

FA t. lIot T is
Nozzle Control Est. % Foma Wind O i staOme

Nozzle Nozzle Type Pressure Tim Extin- Depth Vol. Wini fr Pool
SO. __ (p.) (.c !_ nt (in.) __U) Direction (f)

1 2-inch external impinging 100 * * * *
jet -2-00 Infinity C

200 do 10 - 3 ,
do 50 3 10

S0o 0 10
ion,12

400 do 10 - 5 10
400 do 10 - I lO
500 do 655 3 15
500 Ic 10 - 3 3 15
500 do 10 - 2 3 19

S2-r-inch internal nipingIng 100 No rune were conducted at th, presure.
jet 20o 0 P/- , 9 "

200 80 90 1/ 4 9 8
200 123 940 4 ~ ___

75-1 " 9 9
300 95 90 1 4 9 8
0oo 58 90 1 4 1 C1

400 43 90 1 1/- 4 9 a
.4o0 _ 1 4 8

2 2t-inoh Internal Tipinginri 100. * * * *
jet with acreen 200 s..%Fh - " --

20: 30 90 1 P 6 8
200 9I 1/- 1 3 --

o0 75 990 1 1
500 75 90 3/4 3 3 8

B.' 90 I.4/ ____ _ 8

400 54 90 1 3 3 "3
o0) 55 90 1 / 8

500 63 90 1 C•- 81
500 55 90 1 1/2 4 6 8

_________________________6o__ 90 1 4____14b *-i•cnh internal _________i0 ___._ w-______
jet with stream shaper 200 13 0 90 --

200 i10 90 1/? 6 P0
200 50 90 112 0 - 20
3W0 135 9go 1 2 1 6- 30
300 56 90 11 1 9 3"
300 70 90 2 1 9 30
-0 --- 75- 6 ----1 1--
400 70 90 1 1 12 40
4103 90 1 1 _3 40
50-0 3 11 3
5003 5 90 1 1/? 1 9 43

aspirating foam nozzle 100 65 90 1 3 3 i•
vitO fan-abapo4 difisor 100 30 90 1 3 3 -

207 1I/ 0 - 15
200 30 90 1 3 3 15
201) 5 90 1 2
3M- - 40 - 1- c ^
300 55 9C 2 3 3 G

4o00 35 93 3 5 5
400 35 ? 3 22
500 30 90 2 " 3 ?5
500 35 9C P P 3 5
500 C 90 2 2'

19 2'-Stn-h fan-ahpapd external 163 i60 90 1 0 1
impinginrg ilth diffusing 100 53 90 1 C- 14
orifices 100 6, , 11/2 P I 14

200 3--5 - 90 T 9 -,T200 4o 90 1i/2 0 - 18
200 c 0 i C - 18

30 35 90 2 0 -
300 40 90 P 0 18

30•-9 • 2 P 18
Note: With nozzle 2, 2*2Inch external impinging Jet with fan-shaped diffueor, mensurable exting-ishmsnt could not

be obtained st MV pressure, because the foam disintegrated faster ihan it -as produced.

• No runs were aonducted at thai pressure.

• Pressures of over 300 pat could not be obtained with this nozzle.
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the nozzle was directed along the longer axis of the pool and 8 to
45 feet away from the near edge, depending upon the range of the
nozzle (Fig. 23). These tests were conducted at pressures ranging
from 200 to 500 psi inclusive, depending upon the pressure range of
the nozzle under consideration.

The crash fire truck had to maintain high mobility
during the actual fire tests so that it could be moved to safety in
case the fire raged out of control and endangered the safety of test
personnel and equipment. For this reason, the fire tests were con-
ducted with 1000 gallons of 6-percent premixed solution, the full
tank capacity of the crash truck, thus eliminating hose connections
from the water system of the test area to the vehicle.

Within a few seconds after the industrial naphtha
had been poured, all fires were ignited by throwing a lighted torch
into the center of the. fuel pool. Each fire was allowed 5 seconds
preburn time before extinguishment was attempted, in order to com-
pensate for variations in ambient temperature, humidity, and sur-
face temperature of the fuel (Fig. 24). Observation of the foam
pattern formed on the burning surface by each nozzle at the various
pressures was not possible because the updraft currents, flames, and
smoke obstructed a clear view (Fig. 23). The control time for each
fire was recorded as the length of time in seconds from the initial
application of foam required to cover an estimated minimum of 90
percent of the burning surface of the pool with a foam blanket. It
was then possible to approach the pool with foam hand lines and ob-
tain complete extinguishment, if desired. This criterion was used
as a standard for all test fires. The thickness of the foam blanket
was noted from the depth gauges shown in Figs. 21 and 26. Total
extinguishment was not attempted in any of the tests. The remain-
ing flickers were allowed to disintegrate the foam blanket slowly,
and the fire was permitted to regain its original intensity (Fig.
27). This was considered as proof that the pool fire had not
burned itself out but had actually been brought under control by
the foam. In addition, it was an expeditious way to clear the pool
of foam and naphtha for successive tests.

d. Results. The following data were collected from
approximately seventy separate pool fires, each involving 375 gal-
ions of industrial naphtha.

(1) Estimate of percent extinguishment.

(2) Control time.

(3) Foam blanket, thickness, and percent coverage.
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1841-3-697
Fig. 23. Typical test run. Turret operator maintained con-
stant pressure at nozzle throughout tests by control of pump
speed. Driver kept motor running so that truck could imed-
iately be moved to predetermined safety zone in case equip-
ment and test personnel became enveloped by flames during
sudden wind changes. Fire fighter in foreground is test
crew chief and is in position to observe overall conduct
and safety of each test. He timed each run and estimated
extinguishment time.
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184-3-699
Fig. 24. Iarge-scale pool fire approxinately 8 seconds
after ignition of 375 gallons of industrial naphtha in sbal-
low pit 25 by 50 feet. Combustible liquid is burning at
height of its intensity. Fog foam fails to show any results
at this point because of its short period of application.



The following information explains items in Table
III. Columns 1, 2 and 3 are the same as in the previous tables.
The control time in seconds is listed in column 4. Percent ex-
tinguishment shown in column 5 refers to the estimated area of the
burning pool where the foam blanket has extinguished the flames.
In column 6, the depth of the foamw blanket is given to the nearest
quarter-inch reading on the depth gages shown in Figs. 21 and
26. The wind velocity in mph is listed in column 7. The direction
of the wind., column 8 is tabulated in accordance with the clock
dial system starting at 12 o'clock with the wind blowing directly
into the nozzle against the expelled foam stream. In column 9, the
distance from the tip of the nozzle to'the near edge of the pit
varied from 8 to 45 feet, to compensate for the variable range of
the nozzles at the pressures indicated. Pressures for which no en-
tries have been recorded in column 3, unless otherwise stated, were
beyond the capacity of the equipment as set up for this phase of
testing. Actual fire tests are shown in Appendix IF.

e. Observations. 'The average control time for each run
is listed in Table IV. Pressures for which no entries were made
indicate limitations of the test apparatus. The results indicate
that any increase in pressure has a tendency to reduce the control
time. Data presented in Table IV are plotted in Fig. 28. Each
curve in this figure is clearly labeled to identify the nozzle
which it represents in addition to being numbered for quick refer-
once to Tables I, II, III, and IV. Fig. 22 illustrates a typical
test in which control failed. More than 70 percent of the total
surface area was enveloped in flames, radiating too much heat for
proper application of foam with band lines.

32. Report Film "Fog Foam Studies.t  A 16-mm color motion pic-
ture with narration, Report Film 1401, "Fog Foam Studies," was made
ind ting test procedures. This film may be obtained by written re-
quest to the Bureau of Aeronautics, Department of the Navy, Washing-
ton 25, D. 0.

12. Nozzle Performance Tests. These tests were designed to ob-
tain performance characteristics of various commercial and experi-
mental nozzle arrangements prior to the actual fire tests. Varia-
bles in the test arrangements and conditions affected the final re-
sults to the point where individual items of the experimental data
are not reliablej however, a study of the results as a whole indi-
cates definite trends that must be considered.

Although the method used to determine the delivery rates
of the premixed solution (measuring the depth of the liquid in the



39

1814-3-701
Fig. 25. Looking into burning pit from across ground along
side Class 155 crash fire truck during test, 15 seconds
after initial application of fog foam at approxilnatelY 300psi nozzle pressure. Foam, falling on ground between truck
and burning pool, is a total loss. N~ote difficultyr of de-
termining pattern in initial stages of test, because up-
draft currents., smoke,, and. flames obscured action area from

* view.
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184i-3-700
3Ug. 27. Rtemining flickers which could easily have been
controlled with foam hand lines. were allowed to burn. These
slowly disintegrated foam blanket,, resulting in fire of
orI91n14l R060it1 0 This is condition of pool fire after it
bas gained full foroe in approximately 55 secondls and after
It has been successfully brought under control with roam.
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Table IV. Average Control Time of
Pool Fires at Various Pressures

Control Time (sec)
Nozzle Nozzle Type Nozzle Pressure (psi)

No. 100 200 300 400 500

1 2i-inch external impinging No extinguishment
Jet

2 2k-inch external impinging No extinguishment
Jet with fan-shaped diffusor

3 2k-inch internal impinging 88 76 51
jet

2J-inch internal impinging 87 77 65 60
Jet with screen

4b 2i-inch internal impinging - 93 88 70 52
Jet with stream shaper

13 2i-inch straight stream as- 73 57 47 38 31
pirating foam nozzle with
fan-shaped diffusor

19 2--iueh fan-shaped external 63 35 35 - -
impinging with dif'fusing
orifices

tank before and after a test) was not very accurate at low flow
rates, it was the most expedient and., in fact, the only method avail-
able at the time the tests were conducted. In order to insure a 6-
percent foam concentration, a premixed solution mast be used, as the
low-range foam proportioner does not perform accurately below 60
gpm. On the other hand., the use of a iiremixed solution for nozzles
with delivery rates above 60 gpm was impractical; therefore, foam
proportioning equipment preset at a 6-percent rate was used.

The variations listed in column 9 of Table I were partly
caused by experimental error, slip in the rotors of the proportioner,
leakage of the vacuum in the suction line, or saow combination of
these factors.

The effect of pressure on the foam yield, observed in the
studies ot the screening tests, was of paramount importance. The
foam yield is at a mximum between 200 and 300 psi for any nozzle.
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The prossure producing the maximum yield varies with the individual
nozzle, as does the rate of decrease after the maximuim has been
reached. Although the foam yield decreases above the range between
200- to 300-psi nozzle pressure, in most instances the total amount
of foam produced. per unit time continues to increase up to 500 psi.
This is corroborated in colum 6 of Table II. During the tests, it
vas observed that the liquid, flow through the nozzle occasionally
did not increase as the pressure increased.. Upon investigation, it
was found. that sand and snall partioles of gravel present in the
water had partially clogged. the orifices and screens. The varia-
tions in Table II resulted from the clogging of the nozzles, from
the experimental error of measuring flows, from inaccurate measure-
ment of the foam blanket, and from the expansion determination used
to calculate theoretical volumes of foam produced..

Data presented in Table II and in the sample data sheets
(Appendix IC) indicate variations in the foam expansion which d.o not
correlate with run conditions. These variations are, in part, a
result of small delays by the test personnel in obtaining samples.
For example, if the pattern depthvwe small, 30 seconds might have
been consumed in obtaining the sample; this time allowed for some
drainage of the foam, thereby raising the apparent foam expansion.
To some extent, this contributed to the higher expansions recorded
for low-pressure (small pattern volume) runs. Normally, the expan-
sion appeared to vary by 10 to 15 percent within an individual foam
pattern. For most of the nozzle arrangements tested., the highest
foam expansion and., hence, the lowest foam yield., was generally ob-
tained at low discharge pressures. This occurred because the foam
yield is, in part, based on a theoretical foam volume caluclated
from the consumption of foam solution and from the expansion factor.
That is, higher expansion factors give higher theoretical foam
volumes which, in turn, indicate lower foam yields. However, it
was noted that the foam yield increased. with the water pressure,
but decreased as the highest test pressures were approached..

Variations in the drainage rates, ranging from 10 to 20
cc per minute, indicate that the test procedure for obtaining these
rates is more vulnerable to experimental error than is the expan-
sian factor determination. As has been stated., delays in obtaining
samples, or in collecting the drooled foam solution from the ground.
surface, account for the greater part of the variations of data.

The direction of the wind and its velocity must be consid.-
ered. also. Wind has a spreading effect on the fog foam discharge
because the smll m=ss of the finely divided particles is easily
deflected in comparison to a solid stream. This fact is verified
by the results of the tests. The width of the pattern (the dimen-
sion taken horizontally and at right angles to the stream), in gen-
eral, remained almost the same at all pressures, whereas the length



of the pattern (the dimension of the pattern along the axis of the
stream flow) increased slowly as the pressure increased. In co.1um-
10 of Table I, t.-,he largest pattern area is occasionally ind-cated
at the lower pr•oesu=res, because of sudden changes in wind direction,

The solid stream aspirating foam nozzle gives the h.ghest
foam yields. In general, those nozzles which produce the best water
fog were observed to ir.ocuce very low foam yields.

23. Fire Tee t~s. The fire tests, employing pool, fires involv-
½-ng 375 ga LLonS ot' l.ndustirJal naphtha, were chosen as being repre-
sentat.ve of thle neat oond fJl.ons encountered. •n crash fire fighting.
The saaoess -in ex:lt..ngu-ishing liquid fuel fires depends on the rapid-
.ty wi.th w.b.Ich the foam blanket is applied over the entire burr ng
surface in order .,o excLude air and radiant heat, thus preventIng
.further evaporatifon and combustion of the flammable liquid Ir the
J d-dJ.ate danger area.,

On a f1ire of the size just described, it is not feasible
to set the nozzLe hori zontalIj to the ground and to expel the foam
so that *T t falJes dow.,waerd on to the bur-.ing area. When this was
done during the tests, it was found that the smailer particles of
foam were dI.ssipated and the larger ones were carried from 50 to
250 feet from tbe burring aurface, so that the small remaining
amnourt of foam reacb,..nS it was quickly disintegrated by the heat.
Therefore,, it was necessary to lower the nozzle approximatel y 10
degrees, thus inoreas&.ng the downward velocity of the foam so that
i t penetrated the updraft cu'rrents and created an extinguishing
b.ianket owver the poo l. Lowering the nozzle further, however,
tended to c.reate turb..lence and to splatter the fuel about the
burnlfg area, as has been indicated In Fig. 22.

In vlew of the fact that fog nozzles have lmi ted reach,
it was necessary ti-. .I. ghf, each fire at close range. Since the
vertical. patter.m, of the, fog nozzle was larger in area than that of
a so.L.d strkeam, i t, was affected more by any shift in the d!.rectio.;.
of the w-nd&. Signi..f'.cant changes in the wind direction and. velo-
city d•isplace the foam pattern, by throwing the foam outside the
pool boundaries and make it impossible to control, the fire. On
several. occasions while a test was in progress. the wind shifted
direction 180 degrees. Under these conditions it was impossible to
obtain control, and no data were recorded.

Fig. 28 indicates that with increases in pressure up to
500 psi the extingishsment time decreases. This behavior is ex-
p.lained by the fact tý.tat even though the foam yield is lower at the
higher pressures' the total. amount of foam produced is increased
and the appi1cation rate is greater than the destruction rate.
Therefore, an. effective foam blanket is more quickly applied.
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Fig. 29. Extinguishment time vs. rate of foam application
per unit area.
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Nozzles 1 and. 2, which exhibited. the lowest foam yields
in the screening tests, failed. to extinguish the pool fires because
the resultant rate of actual foam application was less than the
critical rate required for extinction. This fact, confirmed in
Table V and. in Fig. 29, dcemonstrates the importance of foam yield
in nozzle performance.

14. General Factors Considered in Nozzle Evaluation. The
factors influencing the experimental data and the effect of nozzle
discharge pressure on the foam yield. have already been discussed.
In the following subparagraphs are considered. the factors found
during the tests to have a critical effect on nozzle performance.

a. Foam Yield. A low foam yield indicates that a high
percentage of the foam.olution discharged from the nozzle will, if
it reaches the burning surface, drop through the liquid. fuel, and
have no further effect in extinguishment. However, these solution
particles not in the air dispersion will be of benefit in cooling
the flame zone as does water fog, thus providing protection to fire
fighting personnel, without contributing significantly to final ex-
tinguishment. The information presented in Table V, derived from
the test data in Tables I through IV, indicates that for two nozzles
of nearly equivalent water consumption rates, the nozzle 1, display-
ing a lower yield failed to extinguissh the test fire, because its
foam rate in gallons per minute per square foot of burning area was
less than the critical rate required. for extinguishment (Fig. 29).

A6 indicated in Table V, foam producing appliances
should display a minimum foam yield of 50 percent.

b. Quality of Foam. The effect of the quality of foam
is seen in part by close examination of Figs. 29 and. 30. The abscis-
sas of the points in Fig. 29 differ from those in Fig. 30 by the ex-
pansion factor of the foam (column 9, Table V). The plotted experi-
mental data in Fig. 30 is grouped closer to the apparent function
than in Fig. 29. This indicates that the critical quality of the
foam in the expansion range of 6 to 9 my be best taken as the wa-
ter content; that is, the heat dissipation ability of the foam is
directly proportional to the water content of the foam per unit
volume.

Since the expansion range did not vary appreciably
from nozzle to nozzle, the effect of the foam expansion was not of
immediate concern in this study. The stability (drainage rates)
did not var.7 appreciably with the nozzle type of pressure in the
items tested., so that the effect of this fcam quality cannot be de-
rived. in tbix study. The expansion range and. drainage rates as
recorded in this study =mst be accepted as fixed in order to eval-
uate such variables as water content of foam applied per unit area,
extinguishment time, and pattern characteristics.
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c. Rate of Application. Fig. 29 and. 30 also indicate
that extinguishment time is approximately inversely proportional to
the specific application rate. As previously stated (par. 14b), the
water content of the foam was selected as the criterion of its
quality. Close examination of Fig. 29 indicates that .4 gpmx per
square foot of burning surface is the critical rate of foam appli-
cation required. to obtain extinguishment. Control was assured when
the rate was increased to .5 gpm per square foot and this figure
includes only a very small factor of safety necessary for adverse
conditions. It may, therefore, be stated that .5 gpm. per square
foot constitute the minimum application rate for proper control.
This value may be used to estimate flow rates required for individ-
ual appliances for crash fire fighting.

The more efficient the nozzle is as a foam producer,
the less water it uses. From this, and from an observation of Fig.
30, it appears that the critical water rate is .06 gpm, per square
foot of burning area, and that a minimum rate of .08 gpm. per square
foot is desirable. The function presented in Fig. 30 should. be of
value in ascertaining equipnt needs for crash fire fighting
apparatus.

Fig. 30 also reveals that extinguishment time is a
function of the product of foam yield and rate of water flow to the
fog foam nozzle.

l. 3ýmntity of Foam. The net foam application rate
based. on water content kgpm per square foot) was compared with the
quantity of foam requiredL to extinguish the fire (also based on
water content in gallona per square foot). While the experimental
data showed. no apparent correlation, the data calculated. from the
curve of Fig. 30 showed that less foam was necessary for extinguish-
ment at high application rates. An increased rate of application
will reduce the time required to extinguish the fire more than it
will reduce the total amount of foam needed.

15. SUmmr of Test Findiýns. A number of significant find-
ings were derived as a result of the tests, each of which bears on
the effectiveness of the nozzles tested and the quality of the foam
produced.

a. The foam yield percent is generally highest in the
nozzle pressure range between 200 and 300 psi.

b. The total output of foam from the various nozzles
increases with pressure.

c, For a given nozzle, the width (minor axis) of the
foam pattern increases only slightly with an increase in discharge
pressure, whereas the length (major axis) increases appreciably.



d. The specific application rate of foam was critical
fran the standpoint of fire extinguishment. A critical rate, based
on the water content of the actual foam produced., was .06 gpmn of
water per square foot of burning area.

e. The extinguishment time in seconds proved to be
essentially inversely proportional to the foam application rate in
gallons per minute per square foot of critical rate (par. d).

f. The quantity of foam per unit area required. for ex-
tinguishment tends to decrease as the application rate increases.

16. Optimin Nozzle Design. Three major categories of nozzles
were tested.: foam -water fog, and fog foam. As indicated by the
results of these studies, standard foam nozzles produced the highest
foam yields because each was designed to entrain air into the foam
solution before it was discharged into the air. This resulted in
more of the foam solution being converted into the active extinguish-
ing agent foam. However., no standard foam nozzle could be adopted
satisfactorily for use as a straight stream nozzle or as a water fog
nozzle.

The water fog nozzles (par. 7) were designed to produce a
fine water mist at pressures of 100 psi and above. Air is not en-
trained into the water stream, which is necessary if a high foam
yield is to be expected. The overall performance of these nozzles
in producing fog foam was unsatisfactory; their effectiveness
varied widely from nozzle to nozzle, the best water fog nozzles
generally producing the poorest fog foam.

Only one nozzle in the group tested was designed as a
combination water fog and. fog foam nozzle, which was designed as a
combination of the two categories just discussed. The entrainment
of air was effected by a screen attachment with four slots at the
base. This nozzle produced the highest foam yields at the optimum
pressures of 200 to 300 psi ,confirming the theory that entrainment
of air is necessary to produce high foam yields with fog foam noz-
zles.

17. Standards of Nozzle Performance. One of the specific ob-
jectives of this investigation was to develop standards of perform-
ance for fog foam nozzles so that they could be evaluated quickly
andt without the necessity of employing expensive fire tests. While
the absolute values derived on the basis of the tests conducted are
admittedly somewhat arbitrary, it was found that nozzles having the
following characteristics afforded sufficient protection for person-
nel and equipment to attack and extinguish the types of fires con-
ducted in this investigation. A diagram illustrating these
characteristics is shown in Fig. 31.



a. Turret-mounted Nozzles. Standards of performance
for turret -mounteT- Yog' foam. nozzles are:

(1) Angle of dispersion of the fog foam pattern
should be not less than 30 nor more than 40 degrees.

(2) Maximum working nozzle pressure should range
between 200 and. 300 psi.

(3) When the nozzle produces fog foam at rated
pressure and water delivery, and is located parallel to, and
12 feet above, ground level in still air, 80 percent of the
foam should fall at a distance greater than 12 feet, measured
from. a point on the ground. determined by a vertical line from
the tip of the nozzle to the ground.

(4) Pattern size under the conditions stated in (3),

should be between the following limits:

(a) Minor axis not less than 14 feet.

(b) Major axis not less than 30 feet.

For lower delivery rates, the major axis should be fore-
shortened in proportion to the reduction in the delivery rate.

(5) Foam yield should be 50 percent or over.

(6) Average expansion factor should not exceed 9.

(7) Drainage rate should be less than 18 cc per
minute during the period, from the first to fourth minute after
the sample is obtained.

b. Hand and Bumper-mounted Nozzles. Standards for hand
and bumper-mounted nozzles are identical with those in subpar. a
(subpar. a(3) and a(4) do not apply) with the following limitations:

(1) Water delivery rate should range between 25 and
30 glPm.

(2) The maxihu= working nozzle pressure should not
exceed 250 psi for hand line (one fire fighter) and 300 psi
for bumper-mounted nozzles.

18. ProMed Test Procedure. In order to ascertain the con-
fornsu•e of a nozzle to the standads established, several screening
test procednres were considered prior to the adoption of that set up
in par. 9b. The latter test proved to be a satisfaotcry means of
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Fig. 31. Pattern characteristics for fog foam nozzles.



determining the pattern, foam yields, and general hydraulic
characteristics of the nozzles, as was demonstrated by the excel-
lent correlation of the screening test and fire test results. Test-
ing the nozzles in accordance with the screening tests (par. 9)
facilitates and expedites the nozzle evaluation by the elimination
of costly fire tests.

19. Considerations for Future Investigation. During the
course of this investigatibo, a generated-foam system (in which the
foam liquid, water, and air are mixed in predetermined proportions)
was evaluated under another project on a 700-gallon pool fire in a
square pit measuring 50 by 50 feet. The system employed a Hale foam
generator with a rated capacity of 2000 gpm of foam at a predetermined
4:1 expansion. Both the quality of foam and the control time required.
appeared to be somewhat more favorable than that obtained using fog
foam nozzles. With the generated foam system mentioned, a smooth-base
1 3/A-inch nozzle was used. at a distance of approximately 120 feet
from the edge of the burning pit. The foam stream was played approxi-
mtely on the center of the pool to build up a fast spreading blanket.
By this =mtbho the fire could. be controlled from a greater distance,
affording increased protection to personnel and equipment. Studies to
coepare the merits of a generated foam system, using a predetermined
blowup, with those of fog foam application, warrants further investiga-
tion.

Since the testa have indicated that the rate of foam
application is a major factor in time of extinguishment, the use of
higher delivery rates at nozzle pressures ranging from 200 to 300
psi should be investigated. It is possible that more efficient
equipment w=Ul result from such a study.

IV. CONCIMIONS

20. Conclusions. It is concluded that:

a. The fire extinguishing effectiveness of fog foam
nozzles is indicated. by the following standards:

(1) Foam yield. percent.

(2) Rate of application.

(3) Water content of foam (6 to 9 expansion) output
in gallons per minute.

b. The test procedure set forth in the screening tests
(par. 18) is a satisfactory means of evaluating the fire fighting
effectiveness of fog foam nozzles.



c. On the basis of the foam used and the nozzles em-
ployed, the most effective nozzle pressure was between 200 and 300
psi.

d. The aspirating type nozzles produced higher foam
yields than the non-aspirating type.

V. PEC0*1ENflTION

21. Recomendation. It is recommended that the standards of
performance and the test procedures presented in this report in
pars. 17 and 18, respectively, be adopted by the Department of
National Defense for use in the design of fog foam nozzles and in
their evaluation for fire fighting.

Submitted by:

R. C. NAVARIN

Project Engineer
Fire Apparatus Section

Forwarded by:

K. L. Th•EThE
Chief, Petroleum Distribution Branch

Approved 2 April 1950 by:

Chief, Civil Military Engineering
~Departmient
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LIST OF CAIMUIATIONS

Calculations used in the fog foam study:

(1) Water used per run:
gallons water - (gpl rotometer reading)x(test time)

(2) Foam liquor used per run:
gallons foam liquor n (inches of drum level change)x
(drum factor)

(3) Foam expansion:
Expansion a 2..400 cc's resultant solution, in standard
pan (ccIS). See Part (1), Appendix D.

(4) Theoretical foam volume produced per run:
gallons foam volume x (gallons water + gallons foam
i~quid)x (average expansion)

(5) Actual foam vo!nme produced per run:
mllons foam volume x (area of foam pattern, sq ft)x
(ave. depth of foam in pails, ft)x(7.48)

The area of the foam pattern was obtained by mechanical-
ly integmting the pattern area as recorded on the data
sheet. It can be seen that the "end effect" of the pat-
tern is ignored by this method of calculating foam
volume; however., the error is well iVthin the general
precision of the determination, i.e.. the precision of
recorded pattern area.

(6) Foam yield per run:

foam. yeld w actual volume foam i.e., ()
theoretical volume foam

(7) Foam drainage rate:
cc's drained from 14-00 cc pan, 1st to

drainage rate - end of 4th minute
3 (.nutes)

In standard. pan, see Part (2), Appendix D. Charts for procedures
(2) and (3) were prepared for use by test personnel in performing
the calculations diudng the test. Procedures (4), (5), (6), and
(7) were not calculated at the time of the test.



61

APPInn IB

FOAM4 TEST PROCEDURE



63

FOAX MT PROCEM

Foam test lrocedures follow:

(1) Epansion Ratio Determination. The 2- by 7 3/8-inch
diameter pan as described, in Report of Foam Standardization Methods,
by the Naval Research Iaboratory, is used .n thIs dieterminrtiOno
The volume of this pan is essentially 1400 cc's.

A representative foam sample is taken from the foam
blanket in the pan as described. Im the report, and the excess foam
is aeiaped. from the top of the pan. One half cubic centimeter of
octyl alcohol is adsed, and the contents are carefully stirred un-
til the ltqui&-e.ir dispersion is broken down. The pinch clamp on
the drain spout is then removed and the solution is drained into a
cylinder graduated in cubic oemzttters. The volume of liquid is
read., and the expansion is given by:

E4

The test set up is shown in Fig. 13.

(2) Drainage Rate Determination. The apparatus as described
above with the addition of a stop watch is used in this determina-
tion.

A sample is obtained, as in the procedure, previously men-
tioned, and. at the instant of obtaining the sample, the stop watch
is started.. The par... is placed. on the drainage rack with a 6.5 per-
cent sloping top as soon as possible and the drain is opened, per-
mitting the separated soLution. to be collected. in a graduated cylin-
der. Readings of the cubic. centimeters of Liquid collected are made
each 15 seconds until. 4 minutes have elapsed. At the end of the 4
minutes lapsed t•me., the r.-emeli.ng di.spersion is broken down by a
few drops of octyl alcohol. The resvItant solution is drai1n.ed. into
that collected in the first 4 minutes, so that the total volume of
the solution is read, an& the expansion of the original sample is
determined. by -the formula presented. in (1).

In these tests after 4 minutes had elapsed, it was noted
that the drainage rate decreased, and the time required for one
quarter drainage (in4ex as proposed in Report on Foam Standarcdiza-
tion VsthodB) occurrod, within this 14-minute priod. In most in-
stanes, the first reading was at 45 seconds or one minutp lapsed
time., so that the drainage rate is taken as the cubic centimeters
collected from the 1st minute to the end of the 4th minute lapsed
time divided by 3. In this study the drainage rate is used as a
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criterion of foam stability. If it is desired to estimate the time
for one quarter drainage, as used by the NRL, the following formula
may be used:

T 14ooTq . 140
q 4RE

T q time for quarter drainage

R : drainage rate as described here

E foam expansion as described here

The deviations from the basic procedure as outlined by
the P•RL were made in order to adapt the tests to field determination
which can be accomplished readily by other than technical personnel.
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SAMPLE ]DATA, SET

Evaluation of a-inch, internal impinging jet
with screen from 100- to 500-pei nozzle pressure
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FOG FOAM S1UDTES DATA S=
Project No. 8-76-01-001 (9) Procedure:
Date pi JUNE 1949 Run No. 16 Premix

Humidity 76070 Nozzle 2"e INTF.RPNAL IMPINGING Metered flow

Temp. during test 85 J-T WIT" S.CREEN Pressure:
Weather ,UNNY,CLEAF% a. Proportioner 90 pe•t

Test area 60' x 100' b. Nozzles 100 psI

Stakes 10' apart c. Proportloner used i20
Rotometer LOW RANGE.

G F E D C B A Water flow ISO j0 pm
* * * * * * *10 Time of run min "30 sec

Tot. water used 7s gal

Tot. liquid used 2.75 gal

*9 %Foam solution

Blowup at points below:
a. 10.30
b. 1.85

8 C. el . P-eo

d. 8.05
Ave. 8.9

Stability - Min/25% drain
* * 7 a.

b.
SC.____________

/ \ d.

* * * * * * * 6 Ave.
j.25 C 6 % Solution
I l a.
S I . \* . . *5 b.

P-5 .d FOAM BLANKET

S@t"3'-55' Area 2
Pattern 380

S. .* . . Blanket 955 Ft
2

\ .25 .25 \ Ave. Foam Depth
Pattern .068 Ft.
Blanket .OZ5 Ft.

.*3 Tot. Foam

.25 Vol. Pattern VP Z6 Ft 3

Vol. Blanket TB 24 Ft
I b 0 V.E. aq-9 Ft3

60*0`30" *. * * VE x tot. vol. water plus
Sfoam liquor times ave.

(D FOAM PATTERN blowup
0o x Eff. • VP z 6

40*o'o *3 * 1 VE 89
.50Key

* - Stake
X - Bucket (50 x 3'55")

*0* 50cc's drainage - X bucket
- 3'55" time after end of
foam application

APPROX. Wind Direction
15-0"

Data Sheet Recorder J. ALLEN Veloc tiy 5.5 mph
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FOAM ANALMIS Project: 8-76-01-001 (9)

By: C. Korzendorfer Run No.: 16

Date: 25 June 1949

Drainage Blow up
Location:

4-D Tf 2-DT 6-E 5-E
Time Time

CC's Time CCs (ec) CC Is (see)

10 45 22 45

14 60 30 60

17 75 34 75

20 90 38 90

24 105 43 105

30 120 48 12o
34 135 55 135
39 150 61 150
42 165 65 165
45 18o 68 18o
48 195 72 195
51 210 75 210
54 235 75 235
56 240 81 240

Total 136 Total 178 Total 152 174

Exp. 10.30 Exp. 7.85 Exp. 9.20 9.05

Drainage Rate Drainage Rate
14.0 16.7
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Fig. 32. Foam d-ainage, run No. 16.
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FOG FOOAM STUDIES DATA SFMET

Projeot No. 8-76-01-001 (9) Procedure:
Date 21 JUNI 194q Run No. 17 Premix

Humility 76-o - Nozzle W "INTERNAL IMPINGING Metered flow ,-

Temp. duri•g toeot F JET WITH SCREEN Pressure:

Weather SUNNY, LEAK a. Proportioner 90 epal

Test area 60, x 100' b. Nozzles 200 psi

Stakes 10' apert o. Proportioner usedlao
Rotometer HIGH -RANGE

G P K D C B A water flow I92...O .. pm
* * . * * * *10 Time of runomin_.O..._e6c

Tot. water used 95 gal
Tot. liquid used 7.5 __Sl

S * * * * * %oam aolution . .

Blowup at points below:
a. 5.50
b. 6.10

* e * * * 8 c. 5.10
d. 6.po

Ave. 5.8
Stability - Min/25% drain

• * * 7 a.

b.
0.

d.

S . * * 6 Ave.

% Solution
a.

• * " / 1*.* * b.__-___-_____*____.

Sv_ _3'-S_ Area Ft 2

*1 .00 q*/ 25" 1* 4 Blanket 645 Ft2

U .S b Ave. Foam Depth

pattern ,,3 Ft.
Blanket .099 Ft.

S inY Tot. Foam
.. \ _Qo's$ I ) *. * 3 Vol. Pattern VP 46.0 t 3

&c FOAM - A-MlERN Vol. Blanket V1B 3g4aFt3

. -V.E.- 7S. Ft3

• * * *o C * 2 * * 2 VEutot. vol. water plus
foam liquor time ave.
blowup

Iff . VP 4 a 46 .O
'•Key 

L .

A * Stake
ns-o X B ucket (50 x 3'55")

0 * 50 * a* 0iage - X bucket
- 3'55" time after and of
foam application

Wind Direction

Data Shbeeast Aorw J. Allen Veloi____L_0_o Ph

III ............. ______...,...__. , , Velocit, ,1.0 mph ,,,,
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FOAM AXAIMIS Project: 8-76-01-001 (9)

By: C. Korzendorfer Run No.: 17

Date: 21 June 1949

Drainage Blow up
Location: 3-D 4-D 3-fD 2-D

Time Time
CC'S Time CC'S (see) CC'S (sec)

50 45 22 45

59 60 24 60

66 75 26 75

74 9o 30 90

83 105 34 105

94 .120 39 120
101 2.35 45 135
108 150 51 150

14165 57 165
1.18 18o 62 180

2•3 195 6b 795
127 210. 73 210
1I,.0 225 78 225
132 24-0 82 240

Total 265 Total 232 Total 249 230

Exp. 5.30 xtp. 6.10 cExp. 5,60 6.20

Drainage Rate Drainage Rate
24.3 19o3
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Fig, 33. Foam drainage, run No. 17.



73

FOG FOAM S'17LrDlT LATA SVVET
Project No. 8-7b-01-001 (9) Procedure:
Date 22 JUNE 1q49 Run No. 18 IPremix_
liumidity 78 *o Nozzle 2/e" INTERNAL ImPINGINO Metered flow e
Temp. during test 87 0 F JET WITH -SCREEN Pressure:
Weather SUNNY, CLEAR a. Proportioner 85_psI
Test area 60' x 1001 b. Nozzles 300 psi
Stakes 10' apart c. Proportioner used250

Rotometer HIGH RANGE
G F E D C B A Water flow 200 , pm
* * * * * * *10 Time of runomin 30 sec

Tot. water used I00 gal
Tot. liquid used ge1l

* %Foam solution 7
Blowup at points below:

a. 5.10
b. .. 40

* * 8 0.:4.75
d. 7.15
Ave. 5.6

Stability - Min[25% drain
* .5*7 a.

.50 b.
/ \C._________

/ I FOAM BLANKET d.

1 .50 .5• * @ .t'4'-IO" * 6 Ave.
).0 b @6 % Solution

a.
5 b.

5 C.____________

Area 2

FOAMPATTEPattern 485 Ft2SIIS 115, " 4 F A AT E N Blanket R io Ft 2

\ 15Ave. Foam Depth

Pattern .0833 Ft.0 0 |'Blanket .0405 rt.

Vol. Pattern VP 40 Ft 3

Vol. Blanket VB 37 Ft 3

V.E. a 76 Ft 3

* *VE x tot. vol. water plus
foam liquor times ave.
blowup

Eff. * VP = 40 a 53.2*
VE 76

SAPPROX Key
* - Stake
X - Bucket (50 x 3'55")

0* * * * * 00CC'Sdrainage - X bucket

Nozzle - 3'55" time after end of
foam application

Wind Direction

Data Sheet Recorder j. ALLEN Velocity 3.0 mph
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FOAM ANALISIS Project: 8-76-01-00± (9)

By: C. Korzendorfer Run No.: 18

Date: 22 June 1949

Drainage Blow UP
Location:

5 -D 6-D 3.-D 2.-D
Time Time

CC'S Time Cc's (see) CC's (see)

30 45 50 45

35 6o 60 60

39 75 66 75

42 90 71 90

47 105 75 105

52 120 80 120
56 135 85 135
64 150 90 150
72 165 96 165
18 18o io4 18o
" 195 105 195
88 210 112 210.
96 225 Uib 225
o4 24.o 122 240

Total 270 Total 256 Total 280 195

Exp. 5.10 E~xp. 5.40 Exp. 4.75 5.15

Drainage Rate Drainage Rate
23.0 20.7 4.75 7a5
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M'g. 34. Foam drainage, run No. 18.
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FOG FOAM STUDIES DATA S•'T
Project No. 8-76-01-001 (9) Procedure:
Date 22JUN 1'$ Run No. Is Premix
Humidty 790/6 Nozzle w• INITRNAL MFMING Metered flow V
Temp. during test 8OF- JU WITH 3CRELM Pressure:
Weather SUNNY &¢L• -" a. Proportioner S.osi
Test area 60'x100' b. Nozzles !0 pPei
Stakes 10' apart a. Proportioner used amo D C B A Rotometer HIGH RA14GE

Water flowa ?0 pm
* * * * *10 Time of run min_- _ -sec

Tot. water used _J ial
Tot. liquid used- I

* * * * * * %Foam solution______
Blowup at points below:

a. 5.05
b. 5.6

* * *%.- * * l 8 c.7.-50/ 25 d d.6.5/ N Ave. G.2

* * * I * .Stability - Min/25% drain
5 FgA_ NLAN K'T 7 a.

* * 1 ". ( 6 Solution*if .%, * *b.

C b

SFOAM PATTERN A.

Area
log I00" I Pattern 730 F

* . * * * j4 Blanket 1150 o t2
Ave. Foam Depth

.. Pattern .•(S FPTf1•d / o•z~e 4
4SJ'I" (Blanket 0+

Vol. Pattern VP 47 Ft 3

Vol. Blanket VB 3
L V.E. St 3

* * * *, * 2 VE a tot. vol. water plus

foam liquor times ave.
.blowup

Eff. aVP a 4) *5I.e
* * * * * * * 1 YrE 9s

LAPPROZ 15!-W'Ke
* - Stake

X - Bucket (50 x 3'55")
* * * 0 500c'e drainage - X bucket

Nezzle - 35'" time after end of
foam application

Wind Direction

Data Sheet Psoorder J. ALLEN Velocit7 2.5 mph
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FOAM ANALYSIS Project: 8-76-01-001 (9)

By: C. Korzenduorfer Run No.: 19

Date: 22 June 1949

Drainage Blow Up
Location:

5z 6-D 6-D 3-D
Time Time

CC'S Time CC's (Seel CCts (see)

55 45 25 45

64 60 32 60

70 75 , 9 75

73 90 53 90

75 105 55 105

78 120 58 120-- - . .. RE1 .135 62 13 5 -"

86 iso 66 150
35 165 72 165
24 i8o 77 180
95 195 b2 195
98 23.0 96 2:1.0

102 225 97 225
!06 240 100 24o

Total 280 Total 247 Total 183 237

Emp. 5.05 Exp. 5.65 Exp. 7.50 6.85

Drainage Rate Drainage Rate
14.0 22.7
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Fig. 35. Foam drainage, run No. 19.
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FOG FOI STUDTES DATA S=%ET

Project No. 8-76-01-001 (9) Procedure:

Date _22JUNE 1.949 Run No. 2-O Premix

Humdity' 78 % Nozzle 2--"INTERNAL IMPINGING Metered floa V

Temp. during test 89'F JET WITH SCREEN Pressure:
Weather 5UNNY.CLXAR a. Proportioner 75 psa
Test area 60' 1 100' b. Nozzles 500 psi

Stakes 10' apart c. Proportioner used 250
Potometer f 16H RANGE

G F E D C B A Water floNHA N _gEpm

* * * * * * *10 Time of runominQCL sec
Tot. water used I2,gal

Tot. liquid used 7.. gal

* * * %Foam solution 6.1
Blowup at points below:

a. 5.20
b. 5.90

*-- * * 8 c. S.Q0
d. 4-.90
Ave. 5.S

- - - Stability - Min/2S% drain
* / ". S\ * * * * 7 a.

b.
I • C.

-FOAM BLAIET d.

** @ *65' Ave.

% Solution
\ a.

(ý6b.__________.2S .75 / *.
r AreC._

Area2
S I CPattern 835 Ft

2

4 *,-Blanket 1220 Ft9
.2S .75 Ave. Foam Depth

Pattern .053 FT
Ln Blanket .037 Fr'C ,3 

T o t . F lo a m

Vol. Pattern VP 45 Ft
3

c Vol. Blanket VB 45 Ft3
. V.E. Z 124 - Ft3

.* * VE a tot. vol. water plus

foam liquor times ave.
blowup

Eff. *VP a 4 5 a o 3. (t
* ,* iVE • IZ 4.

Key
*-Stake

APPR)L.1'±-ýX -Bucket (50 x 3'55")
* ** * 0 50cc's drainage - X bucket

Nozzle - 3'55" time after end of
foam application

Wind Direction

Data Sheet Recorder J. ALLEN Velocity 5.2 mph
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FOAM ANAL)IS Project: 8-76-01-001 (9)

By: C. Korzendorfer Run No.: 20

Date: 22 June 1949

Drainage Blow up
Location:

5 -I• 6-E 3-E 4-E
Ti7 Time

CC'S Time cC'S (sec) CC'S (see)

26 45 20 45

29 6o 25 60

31 75 28 75

33 90 30 90

35 105 32 105

39 120 36 120
45 135 42 '135
48 150 14i 150
52 165 46 165

57 180 51 180
63 195 55 195
67 210 58 210
"74 235 63 235
79 24.0 67 24.0

Total 278 Total 240 Total 240 281

Excp. 5.20 Exp. 5.90 Exp. 5.90 4.90

Drainage Rate Draint-4ge Rate
16.7 I4..0
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Fig. 36. Foam drainage,, run No. 20.
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APPENDIX ID

WATER FOG DISCHARGE PATTERNS
AT DISCHARGE PRESSURE RANGING

FROM 100 PSIG TO 500 PSIGP

Fig. 40. Water Fog Patterns obtained at 100 to 500 psig 85
(nozzle Ros. I & 2)

Fig. 4I. Water Fog Patterns obtained at 100 to 500 psig 86
(nozzle Nos. 4a & 46)

Fig. 42. Water Fog Patterns obtained at 100 to 400 psig 87
(nozzle Nos. 5a & 6a)

Fig. 43. Water Fog Patterns obtained. at 100 to 500 psig 88
(nozzle Nos, 8 & 9a)

Fig. 44. Water Fog Patterns at various pressures 89
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Nossle 1 at 100 Pei 184-3-346 NoRSle 2 at 100 psi 184-3-370

Nozzle I at 200 psi 184.3-347 Nozzle 2 at 200 psi 184-3-367

*g

Nosale I at .300 psi 184-3-455 fo03le I at 300 psi 184-3-374

Nozzle I at 400 psi 184-3-456 Nozsie 2 at 400 psi 184-3-386

Nozzle I at 500 pal 184-3-457 Nozzle 2 at 500 psi 184-3-383

Fig. 37. Water fog patterns obtained at 100 to 500 psig, Left:
Nozzle No, 1. Right: Nozzle No. 2.
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Nossie 4a at 100 psi 184-3-435 Massie 4b at 100 psi 184-3-402

Massie 40 at 200 pai 184-3-430 Nossle 4b at 200 psi 184-3-394

Nossie 4a at 300 psi 184-3-429 Nozsle 4b at 300 psi 184-3-401

Nossie 4a at 400 psi 184-3-427 Nozzle 4b at $00 psi 184-3-399

Massle 4& at 300 psi 184-3-425 Nozzle 4b at 500 psi 184-3-404

Fig. 35. Water Fog Patterns obtained at 100 to 500 psig. Left: Nozzle )4a
with tip A and screen. Right: Nozzle 4ib.
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OMI "

Nassal So at 100 psi 184-3-448 Nozzle 68 at 100 psi 184-3-446

Nozzle So at 200 psi 184-3-436 Nozzle 6a at 200 psi 184-3-445

;tf

Massie So at 300 psi 184-3-437 Nozzle 6s at 300 psi 184-3-432

Nozzle So at 400 psi 184-3-438 Nozzle 6a at 400 psi 184-3-433

Fig. 39. Water Fog Patterns obtain~ed~ at 100 to 4100 psig. Lef't:
Nozzle No. 5a. Right: Nozzle No. 6a.
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Nasals I at 100 Val 184-3-45S Nozzle 9 at 100 Pal 184-3-382

Nozzle 8 at 200 Psi 184-3-459 Nozzl. 9 at 200 Psi 164-3-384

Nozzl. 8 at 300 Vol 184-3-460 Nozzle 9. at 300 Pal 184-3-385

Nozzl. S at 400 Psi 184-3-461 No921* 9o at 400 Psi 184-3-365

Nozzl. a at S00 Pal 184-3-462 Nt'SS1. 9. at 500 Pat 184-3-366

Fig. 4i0. Water Fog Patterns obtained~ at 100 to 500 paig. Left: Nozzle
No. 2, Right: Nozzle No. 9a.
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Rossi* 13 at 100 pal 184-3-331 Nozzle 19 at 100 pal 195-3-18

Nozzle 13 at 200 psi 184-3-339 Nozzl. 19 at 200 pal 195-3-19

Nozzle 13 at 300 psi 184-3-341 Nozzle 19 at 300 psi 193-3--20

Nozzle If at 400 psi 184-3-335

Nossl* 13 at 500 psi 184-3-337

Fig. 4I1. Water Fog Patterns at various 1ressures. Left: Nozzle
* No. 13, Right: Nozzle No. 19 (vertical Pattern)
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APPENDIX IE

FOG FOAM SCREENING T¶ESE

Fig. 45. Fog Foam Screening tests, (Nozzle Nos. 1 & 2) 93

Fig. 46. Fog Foam Screening tests, (Nozzle Nos. 3 & i/a) 94

lig. 47. Fog Foam Screening tests, (Nozzle Nos. 4a & 4b) 95

Fig. 48. Fog Foam Screening tests, (Nozzle Nos. 5a & 5b) 96

Fig. 49. Fog Foam Screening tests, (Nozzle Nos. 13 & 19) 97

Fig. 50. Fog Foam Screening tests, (Nozzle Nos. 14 & 20) 98



93

|a

Noesle I Run I at 100 pal 184-3-522 Nozzle 2 Run 6 at 100 psi 184-3-519

Nozzle I Run 2 at 200 psi 184-3-S23 Nozzle 2 Run 7 at 200 psi 184-3-276

Nozzle I Run 3 at 300 osi 184-3-524 Nozzle 2 Run 8 at 300 psi 184-3-270

' j .. :%': -•.J I,:
Nozzle I Run 4 at 400 psi 184-3-254 Nozzle 2 Run 9 at 400 psi 184-3-520

Nozzle I Run S at Soo psi 184-3-253 Nozzle 2 Run 10 at 500 psi 184-3-271

Fig. 42. Fog Foam Screening tests. Nozzle Nos. I & 2 at condi-
tions noted.



Ntozzle 3 Run It at 100 psi 184-3-303 Nouzle Ile Run 91 at 100 psi 184-3-733

Nozzle 3 Run 12 at 200 psi 184-3-302 Nozzle Ila Run 92 at 200 psi 184-3-734

Nozzle 3 Run 13 at 300 asi 184-3-595 Nozzle Ila Run 93 at 300 Psi 184-3-73S

Nozzle 3 Run 14 at 400 psi 184-3-304 Nozzle Ile Run 94 at 400 psi 184-3-?32

Mozzle 3 Run 15 at 500 psi 184-3-305 Nozzle Ile Run 95 at 500 psi 184-3-645

Fig. 43. Fog Foam Screening tests. Nozzle Noe. 3 & Ila.
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Nossl* 4a Run 16 at 100 psi 184-3-491 Nozzle 4b Run 21 at 100 psi 184-3-340

Nozzle 4a Run 17 at 200 psi 184-3-492 Nozzle 4b Run 22 at 200 psi 184-3-256

Nozzle~ ~~~ ~ ~ ~O 4.-n 1 t 3 0 p L 1 4 3 4 3N zz e 4 u 3 a 0 8 - - s

Nozzle 4s Run 19 at 400 psi 184-3-493 Nozzle 4b Run 24 at 400 psi 184-8-539

Nozzle 4a Run 20 at 500 psi 184-3-495 Nozzle 4b Run 25 at 500 psi 184-3-557

Fig. 4i4. Fog Foam Screening tests. Nozzle Nos. 4a & 14b.
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Neexd. $a Run 36 at 100 psi 184-3-488 Nossl. Sb Run 41 at 100 psi 184-3-S01

Hoassle Sa Run 31? at 200 psi 184-3-489 Mozzle Sb Run 42 at 200 psi 184-3-302

Hoagie Sa Run 38 at 300 psi 184-3-490 Moxzl. Sb Run 43 at 300 Psi 184-3-503

Resal* S. Run 39 at 400 Val 184-3-499 Hoagie Sb Run 44at 400 psi 184-3-304

MOgal. So Run 40 at 500 psi 164-3-500 Mosslo 5b Run 45 at 500 psi 184-3-SOS

Fig. 45.5 Fog Foa~m Screening tests. Nozzle Nos. 5a & 5b.



97

Nomal* 13 Rua 106 at 100 psi 184-3-272 Nosxle 19 Run 136 at 100 Psi 184-3-764

Noxzul 13 Run 107 at 200 Psi 184-3-252 Noss!. 19 Run 137 at 200 Psi 184-3-765

"' lkma

Nosx!. 13 Run 108 at 300 psi 184-3-590 N02S!. 19 Run 138 at 300 Psi 184-3-766

Nol~1e 13 Run 109 at 400 Psi 184-3-273 Nosstle 19 Run 139 at 139 psi 184- 3-768

Noxs!. 13 Run 110 at 500 Psi 184-3- 250

Fig. 4i6. Fog foam screening tests. N~o~zze Noe. 13 & 19.
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Nom.lo 14 RuW 111 at 100 psi 184-3-260 Pussle 20 Run 141 at 40 psl 184-3-293

Nosslo 14 Run 112 at 100 psl 184-3-262

Fig. 47. Fog foam screening tests. Left: Nozzle No. 14 at nmxiin
pressure obtainable with test apparatus. approximately 220 psi. Right:
Nozzle No. 20 at naximum pressure, approximately 40 psi.

I.
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APEHDIX IF

ACTUAL FIRE TESU

Page

Fig. 51. Pool Fire Extinguishment with Nozzle No. 4a 101

Fig. 52. Attempt uo extinguish pool fire with a Nozzle No. 1 102

Fig. 53. Attempt to extinguish pool fire showing effect of 103
apylication angle

Fig. 54. Extinguishing pool fire with various nozzles 104
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